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With the development of the people’s living standard, they pay more and more attention on the urban 
ecological landscape region and the construction of the artificial lake is one of the important contents of 
the ecological landscape construction. The construction of the artificial lake can improve the quality of the 
ecological landscape environment, however, conventional water resources is too hard to meet the demand 
of  the urban artificial lake construction in the present city especially the north water-shortage city in 
China. To alleviate this problem and make full use of the urban reused water, the paper applies the 
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Abstract
With the development of the people’s living standard, artificial lake has already become the important part of the 
urban ecological construction. The artificial lake needs a certain amount of water resources as a support, however, 
conventional water resources fail to meet the water demand of the artificial lake in the water shortage area. According 
to the water demand of meeting the artificial lake’s ecological function, the paper has established the urban artificial 
lake multi-water resources optimal allocation model which based on the water quantities and water quality constraints. 
And under the different rainstorm duration distribution conditions, the model has been applied to settle the multi-
water resources which include the conventional and unconventional water resources optimal allocation problem of 
the Tianjin Meijiang artificial lake and analyze the influence of rainstorm duration changes to the allocation. The 
results can provide a good foundation for the multi-water resources reasonable optimal allocation of the urban 
artificial lake.
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rainwater, reused water and other water resources to the urban artificial lake. Based on the assurance of 
the artificial lake water quality, making full use of the rainwater and reused water, considering the 
artificial lake ecological function and regarding the rainwater, reused water, surface water as the main 
supplying water resources, it is quite necessary to study the multi-water resources optimal allocation of 
the urban large-scale artificial lake. 
Currently, domestic and foreign scholars mostly concentrate on the study of the multi-water resources 
optimal allocation of the urban water-supply and irrigation area, but less on the allocation of the artificial 
lake. Based on the thesis of the ecological environment water demand, this paper analyses the drawing
water quantities and water quality of the artificial lake. And considering the artificial lake rainwater 
supply in the north city often comes from several rainstorms, the rainstorm duration certainly has 
influence on the make-up water resources, quantities and quality of the artificial lake. Through studying 
on the influence of the rainstorm duration changes to the multi-water resources allocation of artificial lake, 
this paper provides new ideas and methods for the multi-water resources optimal allocation of the urban 
artificial lake.
1. Research area situation
The Meijiang artificial lake is located in the Meijiang Scenic Spot with a occupied area of 0.72km2
which located at the crossing between the Youyi south road and outer ring road in Tianjin Hexi district. 
By now, the Meijiang Scenic Spot has included the lake with 0.40km2, and the artesian area is 0.29km2
2. Multi-water resources optimal allocation model
.
The Meijiang district demonstrates characteristic of a warm temperate semi-humid climate: obvious
monsoon climate, four common seasons, concentrated rainfall, rainy in hot season. The large seasonal and 
annual variations of the precipitation in the area result from the obvious monsoon climate. Windy and less 
rainfall in spring, hot and rainy in summer, fine weather and fresh air in autumn, cold and dry and less-
snow in winter. The long year average precipitation is 562.1 mm, and the precipitation distribution is 
seriously unbalanced among the four seasons one year. In summer, the precipitation concentrates at the 
June, July and August, which occupying about 75% of all rainfall one year, and the July, August occupies
above 65%. In autumn, the precipitation of September, October and December occupies about 13%. In
winter, the precipitation is the least which occupying only 2%. In spring, the precipitation is also less 
which occupying 10%. Thus, the precipitation not only highly concentrates in summer, but also focuses 
on several rainstorms or heavy rainstorm.
Now the urban artificial lake water resources generally include rainwater, river water, reused water, 
city tap water and underground water and so on. The artificial lake water needs to refresh the water 
periodically, or the water quality would be worse and brings unhappy for people. However, frequent 
refresh water not only wastes water resource but also has higher costs. Thus, it needs to regard the 
artificial lake as a water resources system, and establish the optimal allocation model. In the model, we 
generalize the water resources system problem, and use mathematical expression or other to reflect the 
relationship between the system variables and parameters. Then as a whole, it obtains the best optimal 
allocation scheme. 
2.1. Model construction
This paper takes the lowest water supply cost in each time interval as the objective function, and the 
constraints are the water balance equation which the lake should satisfy in each period, water quality 
Li Fawen et al. / Energy Procedia 16 (2012) 397 – 402 399
Li Fawen / Energy Procedia 00 (2011) 000–000
control constraints and the reused water supply capability constraints of the Gizhuangzi waste water 
treatment plant.
Taking the lowest water supply cost at time t as the objective function, the concrete expressions of the 
model as follows:
Objective function: P R S H Lf(t)= Min[P(t)J (t)+ R(t)J (t)+ S(t)J (t)+ H(t)J (t)+ L(t)J (t)]           (1)
Constraints: V(t)= P(t)+ R(t)+ S(t)+ H(t)+ L(t) - E(t) - G(t)∆
sC(t) C (t)≤
sS(t) S (t)≤                                                                                                             (2)
sH(t) H (t)≤
sL(t) L (t)≤
where P(t) , R(t) , S(t) , H(t) and L(t) respectively are the precipitation, runoff, reused water, river water, 
tap water quantity at time t, m3 PC (t); , RC (t) , SC (t) , HC (t) and LC (t) respectively are the pollutant 
concentration of the above corresponding water, mg/L; E(t) and G(t) are the evaporation and seepage 
quantity at time t, m3 V(t); is the water storage at initial time t, m3 C(t); is the pollutant concentration of the 
Meijiang lake at time t, mg/L; V(t)∆ is the Meijiang lake storage variation at time t, m3 sC (t); is the 
pollutant concentration control standard at time t, mg/L; sS (t) , sH (t) and sL (t)are the maximum allowable 
water supply quantity of reused water, river water and tap water at time t, m3 PJ (t); , RJ (t) , SJ (t) , HJ (t) and 
LJ (t)are the diversion unit price of precipitation, runoff, reused water, river water, tap water at time t, 
yuan/ m3.
Water quality model as follows [6]
[ ] / [ ( ) ( )]P R S H LC(t)= P(t)C (t)+ R(t)C (t)+ S(t)C (t)+ H(t)C (t)+ L(t)C (t) V t KV t∆ +
:
                    (3)
where K is the pollutant attenuation coefficient, 1/d.
2.2 Program setting and parameters determining
2.2.1Program setting
According to the calculation of ecological environment water demand with following the grading 
principles, it can confirm that the water demand levels of the urban river-lake ecological environment 
respectively are the minimum (0.8m), appropriate (1.6m), maximum (2.0m) three water depth limit values 
and their corresponding minimum, appropriate, maximum water storage are 32.09×104, 64.18×104,
80.22×104m3
Year
. As the Tianjin in semi-humid region and the less precipitation, it uses the appropriate level.
Using the daily rainfall data during 2000~2008 years, we calculate the numbers of the day 
precipitation more than 50mm called rainstorm class, the statistical results are shown in table 1.
Table 1. The rainstorm statistics during 2000~2008 years 
2000 2001 2002 2003 2004 2005 2006 2007 2008
Annual precipitation 448.4 483.6 340.1 724.5 525.5 620.6 323.9 565.5 643.8
number 1 2 0 4 0 3 0 1 2
ionprecipitat
day
5.62
16.7
8.51
29.6
9.77
23.6
9.60
25.6
3.85
26.8
5.77
15.7
4.57
21.7
4.87
27.7
6.98
16.8
2.67
12.8
3.94
5.8
8.53
17.8
4.114
11.10
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From table 1, we know: in 2003, the biggest annual precipitation, the most rainstorm number which is 
up to four and the most months of the rainstorm distribution crossing happened. In summer, the 
precipitation concentrates at the June, July and August, which occupying about 75% of all rainfall one 
year, and the July, August occupies above 65%. In autumn, the precipitation of September, October and 
December occupies about 13%. In winter, the precipitation is the least which occupying only 2%. In
spring, the precipitation is also less which occupying 10%. Thus, the precipitation not only highly 
concentrates in summer, but also focuses on several rainstorms or heavy rainstorm. But there was a larger 
rainfall in October 2003, and the precipitation was up to 114.4mm. It shows that although the total 
precipitation was large in 2003, the rainstorm distribution was not centralized and the large class rainfall 
rarely occurred in October. So, we redistribute the rainstorm with the invariable total precipitation in 2003,
that is to say, assign the rainstorm of October to June, July and August and the rainstorm does not affect
the rainstorm of the original months. The idea is used for studying the influence of rainstorm duration 
distribution to the multi-water resources allocation of the Meijiang artificial lake.
The year of 2002 is a dry year with 340.1mm precipitation, and the year of 2003 is a rainy year. So it 
is optimum to minimum the inter-annual variability of the ecological water demand, then the optimum 
allocation programs as follows: the 1st program is the original rainfall process in 2003; the 2nd program is 
setting the 114.4mm rainstorm in October to June in 2003; the 3rd program is to July; the 4th
2.2.2 Parameters determining
program is to 
August.
According to the water quality data of each resource, we select the total phosphorus (TP), total 
nitrogen (TN) and biochemical oxygen demand (BOD5) three difficult control pollutions as the indexes of 
restricting water quality in Meijiang. The water quality control standard of the artificial lake is the Ⅳ
standard which is fixed by <urban sewage reused landscape environment water quality> (GB/T 18921-
2002), that is to say, the concentrations of TP, TN and BOD5 are 0.5 mg/L, 15 mg/L and 6mg/L.
The rainwater resources mainly include the direct rainfall and the rain runoff from the surrounding
artificial lake, and the data in table 3; the supply capability of the Gizhuangzi water treatment plant is 
6000m3
Entry
/d; the Weijin river water resource is not limit and can be fully used; the tap water is only used for 
emergency resource, that is to say, the artificial lake water resource all come from the tap water to 
improve the water quality when the water quality of artificial lake is poor. So in the water resource 
allocation, we consider tap water just as the water quality below the standard. 
After analyzing the multi-water resources water quality in research area, we get the water quality 
standard and the current price of reused water, river water and tap water. The results are in table 2. 
Table 2. Rainwater quality
Water quality mg/L Water price
RMB/m3TP TN BOD5
Runoff 0.33 1.27 10.00 -
Rian water 0.04 4.82 1.00 -
Reused water 0.01 18.00 2.00 3.1
River water 0.71 6.16 6.00 1.5
Tap water 0.03 0.50 3.00 4.4
2.3 Model Solution
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According to the constraints and objective function format, the Meijiang multi-water resources 
optimal allocation model is a linear programming model. This paper uses the linprog function 
optimization toolbox in MATLAB to solve the model.
Transform the objective function and constraints to the above standard form. Input the parameters of 
each multi-water resources allocation program of the Meijiang artificial lake in Tianjin and the coefficient
matrices into MATLAB procedure, then adjust the initial solution and convergent iterative process. And 
we get the optimal allocation results of each program.
3 Results and analysis
The multi-water resources optimal allocation results of the 1~4 programs are measured by using the 
linprog function optimization toolbox in MATLAB. The rainstorm duration distribution is just adding the 
individual rainfall in corresponding months, so the differences between the 1st program and the 2~4 
programs are mainly reflected in the June, July, August and October, and the same in other months. The 
results are in table 3 and table 4. 
Table 3. The results of the 1st
Month
program in Meijiang artificial lake 
V(t) E(t) G(t) P(t) R(t)
Water quantity (104 m3 Water quality(mg/L)) Cost
(104 yuan)S(t) H(t) L(t) TP TN BOD
1
5
32.09 1.44 2.14 0.06 0.00 1.55 1.97 0.00 0.48 14.51 6.00 7.76 
2 32.09 2.33 2.24 0.08 0.00 1.97 2.52 0.00 0.48 14.38 6.00 9.89 
3 32.09 3.37 2.11 0.47 0.02 1.73 3.27 0.00 0.47 13.95 6.00 10.27 
4 36.67 6.64 2.23 0.61 0.02 6.21 2.77 3.84 0.43 15.00 6.00 40.30 
5 41.26 9.39 1.90 1.99 0.17 6.99 5.07 1.66 0.47 15.00 6.00 36.58 
6 45.84 10.28 1.82 5.61 0.90 5.33 4.84 0.00 0.47 14.41 6.00 23.78 
7 50.43 8.05 1.40 6.11 1.00 1.97 4.96 0.00 0.48 14.38 6.00 13.55 
8 55.01 8.70 1.42 5.19 0.95 4.73 3.84 0.00 0.48 14.97 6.00 20.42 
9 59.60 5.49 1.43 1.38 0.04 4.25 3.49 2.33 0.48 14.99 6.00 28.66 
10 64.18 4.27 1.46 6.49 2.23 1.22 0.37 0.00 0.47 14.57 6.00 4.34 
11 64.18 2.31 1.45 1.08 0.04 0.61 2.03 0.00 0.49 14.55 6.00 4.94 
12 64.18 2.19 1.35 0.00 0.00 1.60 1.94 0.00 0.49 14.77 6.00 7.87 
Total 64.46 20.95 29.07 5.37 38.16 37.07 7.83 208.36 
Table 4. The results of the 2~4 programs in Meijiang artificial lake 
Month E(t) G(t) P(t) R(t)
Water quantity (104 m3 Water quality (mg/L)) Cost
(104 yuan)S(t) H(t) L(t) TP TN BOD
6
5
10.28 1.82 10.20 2.91 3 0.57 0 0.39 12.91 4.99 10.16
7 8.05 1.40 10.70 3.01 0.3 0.03 0 0.42 12.91 5.21 0.98
8 8.70 1.42 9.78 2.96 1.5 0.47 0 0.42 13.29 5.30 5.36
10 4.27 1.46 1.90 0.22 2.5 0 5.68 0.47 14.94 6.26 32.75
Table 3 and table 4 are indicated that: (1) the annual water demand in each program is the reused 
water most, the river water second, and the tap water is used when the water quality below standard; (2) in 
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the 2~4 programs, as the rainfall and runoff increased in June to August, the water demand reduced and 
the rainstorm water of good quality, the reused water is needed increasingly and the water quality of the 
artificial lake is better than the 1st program ones; (3) in the 2~4 programs, as the rainfall and runoff 
reduced in October, the water demand increased and the water quality poor, the tap water is needed about 
5.68×104m3; (4) the cost of the 2~4 programs is higher than the 1st
4 Conclusions
program ones that result from the tap 
water is needed in October in the 2~4 programs. 
(1) In this paper, according to the characteristics of the urban artificial lake and the ecological service 
function water demand of the urban lakes, we establish the urban artificial lake multi-water resources 
optimal allocation model with using the water quantity control and water quality control as the constraint
conditions; 
(2) It is very necessary that make full use of the rainwater and reused water to relief the water supply 
problem of the artificial lake in water shortage area. According to the rainstorm duration distribution 
characteristics in research area, this paper set up different programs for studying the influence of the 
rainstorm duration distribution to the artificial lake water resources allocation. The results indicate that the 
more decentralized of the rainstorm duration distribution, the more beneficial to the water allocation of the 
artificial lake and the less cost. 
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